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Abstract. Within the ESPRESSO project a new flexible data reduction library is 
being built. ESPRESSO, the Echelle SPectrograph for Rocky Exoplanets and Stable 
Spectral Observations is a fiber-fed, high-resolution, cross-dispersed echelle spectro¬ 
graph. One of its main scientific goals is to search for terrestrial exoplanets using the 
radial velocity technique. A dedicated pipeline is being developed. It is designed to 
be able to reduce data from different similar spectrographs; not only ESPRESSO, but 
also HARPS, HARPS-N and possibly others. Instrument specifics are configurable 
through an input static configuration table. The first written recipes are already tested 
on HARPS and HARPS-N real data and ESPRESSO simulated data. The final scien¬ 
tific products of the pipeline will be the extracted 1-dim and 2-dim spectra. Using these 
products the radial velocity of the observed object can be computed with high accuracy. 
The library is developed within the standard ESO pipeline environment. It is being 
written in ANSI C and makes use of the Common Pipeline Library (CPE). It can be 
used in conjunction with the ESO tools Esorex, Gasgano and Reflex in the usual way. 


1. Introduction 

The Data Reduction Library developed for ESPRESSO is designed to be flexible and 
modular. The idea is to be able to reduce the data from different echelle fibre-fed 
spectrographs using the same algorithms. The library needs only the instrument con¬ 
figuration table to define instrument specific characteristics and CCD geometry pa¬ 
rameters provided in a separate EITS table, to reduce properly the data from a given 
spectrograph. Thus, each recipe depends on a small number of parameters, controlling 
the relevant data reduction steps. Eor now the library is tested on the real data from 
two spectrographs: HARPS and HARPS North and on the simulated ESPRESSO data. 
In order to reduce data of an additional spectrograph, its CCD geometry and instru¬ 
ment parameters have to be provided. No other changes in the code are needed. The 
ESPRESSO pipeline follows the standard data reduction chain, as presented on Eigure 
1 . 
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2. Data Reduction Library 

The top-level part of the ESPRESSO DRE is made of a set of reeipes eoded in C and us¬ 
ing CPE objeets, whieh are able to proeess the raw data of a given type. The ESPRESSO 
DRE will provide 11 ealibration reeipes and a seienee reeipe. Exeeuting these reeipes 
aeeording to the data reduetion easeade shown on Eigure 1, it will be possible to fully 
reduee all ESPRESSO ealibrations and seienee data. Parameters of eaeh instrument 
mode are defined in the eonfiguration file, Iherefore fhe eorresponding dafa ean be re- 
dueed by fhe same reeipe, wifhouf any eode ehanges. Eaeh reeipe will be exeeufed 
using eifher ESORex, Gasgano or Reflex. 

2.1. Overview of Reduction Cascade 

We give below an overview of the global reduetion easeade, starting from basie ealibra¬ 
tions up to seienee reduetion, like shown on Eigure 1. 

• The deteetor bias level and readout noise are measured on staeked BIAS frames 
(master bias). The oversean zone is eheeked whether it ean be used to reliably 
determine the bias level. If so, the standard way to subtraet the bias on all kinds 
of frames will be to use the oversean. If not, the master bias will be use instead. 

• DARK frames are used to measure the average dark eurrent and determine the 
loeation of hot pixels. A master dark will be ereated for QC purpose. It is not 
foreseen to be used in the following data reduetion steps sinee the dark eurrent is 
expeeted to be extremely low ( 1 e-/pixel/hour) and dark frames will usually be 
readout noise limited. 

• A bad pixel map is obtained from the analysis of EED_EE frames taken with two 
different exposure times (linearity eheek). EED_EE images are obtained by direet 
illumination of the CCD with a EED. The gain is also measured for QC purpose, 
from the relation between flux level and standard deviation of pixel values. 

• The linearity eurve of the CCD is obtained from the analysis of a sequenee of 
DETXIN frames, whieh are Eabry-Perot (EP) frames with different exposure 
times. They are preferred over EED_PP frames to measure the deteetor linear¬ 
ity beeause it more elosely simulates the global flux distribution in the frames 
expeeted for a seienee exposure. 

• ORDERDEE frames (one per fibre) are used to identify and traee speetral orders 
and sliees on the deteetor. Only the order/sliee eenter is relevant at this stage. 

• Eor eaeh fibre, the order profile in eross-dispersion direetion is found using high- 
SNR, eo-added EEAT frames. Then, the orders are extraeted from the EEAT 
frames using this profile, and the speetral flat-field is generated together with 
the assoeiated error and bad pixel information. The (extraeted) blaze funetion is 
obtained through smoothing of the EEAT speetra and eorreetion for the speetral 
energy distribution of the ealibration lamp. 

• The physieal size of CCD pixels along speetral orders is ealibrated using PIXEE_ 
GEOM frames, whieh eonsist of a sequenee of laser eomb frames seanning the 
pixels by varying the eomb parameters. The eonversion table between pixel num¬ 
ber and physieal distanee along speetral orders is obtained in this way. 
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• CONTAM frames are used to measure the cross-fibre contamination on fibre A 
from fhe simulfaneous reference on fibre B (ThAr lamp, laser comb or Fabry- 
Perof). Confaminafion frames are used during exfracfion in fhe science reducfion. 

• The relative efficiency of channels A and B as a funcfion of wavelengfh is mea¬ 
sured using EFF_AB frames, which are obfained fhrough blue sky observations. 
This calibrafion producf is used during sky subfracfion in fhe science reducfion. 

• The wavelengfh calibrafion for bofh fibres is defermined using WAVE frames. 
These can be of differenf sub-fypes depending on fhe source used (ThAr lamp, 
laser comb, Eabry-Perof efalon). Differenf algorifhms are used fo reduce frames 
from differenf sources. On fibre A (science fibre), fhe wavelengfh solufion ac¬ 
curacy is parficularly imporfanf since if is used fo calibrafe fhe science specfrum 
and fherefore sefs fhe radial velocify zero poinf. On fibre B (comparison fibre), 
fhe specfrum mainly serves as drifl reference specfrum for fhe driff measuremenf 
on science frames wifh fhe simulfaneous reference. 

• EEUX.CAEIB frames are used fo compufe fhe absolufe efficiency of fhe instru- 
menf using specfrophofomefric sfandard sfars. The insfrumenf response curve is 
used in fhe science reducfion fo calibrafe fhe science specfrum in flux. ESPRESSO 
being a fibre-fed insfrumenf wifh a fixed sky aperture of 1.0 arcsec or less, fhe 
precision of fhe flux calibration is expecfed fo be low because of highly variable 
slif losses. 

• Einally, SCIENCE frames are of differenf sub-fypes depending on 1) whefher si¬ 
multaneous reference or sky is present on fibre B, and 2) what reference source is 
used if applicable. Science reduction makes use of all calibration products listed 
above and generates extracted S2D spectra and merged, rebinned SID spectra, 
together with S2D and SID error and quality maps. Einally, the CCE of the S2D 
spectrum is computed and the radial velocity is obtained from a Gaussian fit to 
the CCE. 


3. Current DRS development status 


Three DRS releases were provided up to now. The first one, issued in November 2013, 
contained two recipes: the reduction of a set of BIAS raw frames (espdrjnbias) and 
the reduction of a set of DARK raw frames (espdrjndark). These first two recipes al¬ 
low to monitor the quality of the detector and to correct for the bias and dark current 
levels. The elimination of cosmics is treated by applying the sigma clipping algorithm 
to the stack of minimum 5 frames. The products of these two recipes are: the master 
bias frame and the hot pixels map. The second release, issued in March 2014 contained 
the recipe to reduce EED fiat frames (espdrJedJf). EED_EE recipe products are: the 
bad pixels map and the computed detector gain. Since the ESPRESSO DRS was de¬ 
signed to be able to reduce data from other spectrographs, like HARPS and HARPS 
North, a more accurate definition of the CCD geometry configuration was needed and 
this led to the third release, issued by the end of April 2014. We are currently prepar¬ 
ing a new release including the recipe to trace the position of the orders on the CCD 
{espdr_orderdef), to be released end of September 2014. 

The data reduced by the ESPRESSO DRS can be analysed further by the Data 
Analysis Software (DAS), presented in Cupani et al. (2014|). 
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Figure 1 The cascade of the ESPRESSO pipeline recipes 
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